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(57) ABSTRACT 

A method for removing soils, particles or fluids from the 
seabed or from great sea depths, includes positioning a plat 
form or a vessel above an offshore location, lowering a riser 
from the vessel or platform to the seabed or great depth, the 
riser being vented to the atmosphere. Sucking soils, particles 
or fluids with inflow of fluid into the riser and removing them 
from the riser via an outlet in the riser, the outlet being at a 
level well below the water surface, by use of a pumping 
system with a flow return conduit running to a selected loca 
tion, while keeping the level of the fluid in the riser at a level 
between the outlet and the Surface corresponding with a pres 
sure in the lower end of the riser substantially lower than the 
sea water pressure at the end of the riser. 

20 Claims, 2 Drawing Sheets 
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1. 

METHOD AND ARRANGEMENT FOR 
REMOVING SOILS, PARTICLES OR FLUIDS 
FROM THE SEABED OR FROM GREAT SEA 

DEPTHS 

RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. applica 
tion Ser. No. 10/549,059, filed Sep. 13, 2005, which is a US 
National Phase of PCT Application No. PCT/NO2004/ 
000069, filed Mar. 12, 2004, which claims priority to Norwe 
gian Application No. NO 2003 1168, filed Mar. 13, 2003, all 
of which are herein incorporated by reference in their entirety 
for all purposes. 

FIELD OF INVENTION 

The present invention relates to a particular arrangement 
for use when removing soils, particles or fluids from the 
seabed or from great sea depths using offshore structures that 
float or are connected to the seabed by other means. More 
particularly, it describes a vented riser with an outlet to a 
pump system so arranged so that the liquid level in the riser 
can be controlled between the surface and the depth of the 
outlet to make the hydrostatic pressure inside the bottom of 
the riser equal to or below that of seawater at that depth. 

BACKGROUND OF THE INVENTION 

Experience from Subsea drilling operations in upper soil 
layers has shown that the subsurface formations to be drilled 
usually have very low fracture strength (301) close to the 
seabed and it is often close to that of seawater (302). This 
dictates that drilled formation will have to be disposed on 
seabed since the formation strength is not high enough to 
support the hydrostatic pressure from the combined effect of 
drilling mud and the suspended drilled formation solids in a 
drilling riser up to the drilling platform (304). This is the 
reason for that it is not possible to install a conventional 
drilling riser and take the returns to the surface, before a 
casing is set so deep that it will isolate the weaker formation 
and that the Soil strength is high enough to support a liquid 
column of water and formation cuttings (debris) up to the 
drilling unit above sea level. 
The 2 uppermost sections of the hole are normally drilled 

riserless, without a drilling riser. Often this “pump and dump 
procedure cause for excessive amount of drilling mud, barite 
weighting materials, formation solids and other chemicals to 
be dumped to the ocean. Besides this practice being expensive 
it is also a wasteful process that can be harmful to marine life 
on the ocean floor. 

In deeper waters as the hole deepens, the difference 
between the formation pore pressure and the formation frac 
ture pressure remains low. The fracture gradient is so low that 
it can not support the hydrostatic pressure from a full column 
of seawater and formation cuttings up to the drilling platform. 
In addition to the static hydraulic pressure acting on the 
formation from a standing column of fluid in the well bore 
there are also the dynamic pressures created when circulating 
fluid through the drill bit. These dynamic pressures acting on 
the bottom of the hole are created when drill fluid is pumped 
through the drill bit and up the annulus between the drill string 
and formation. The magnitude of these forces depends on 
several factors such as the rheology of the fluid, the velocity 
of the fluid being pumped up the annulus, drilling speed and 
the characteristics of the well bore/hole. Particularly for 
Smaller diameter hole sizes these additional dynamic forces 
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2 
can become significant. Presently these forces are controlled 
by drilling relatively large holes thereby keeping the annular 
velocity of the drilling fluid low and by adjusting the rheology 
of the drilling fluid. The formula for calculating these 
dynamic pressures is stated in the following detailed descrip 
tion. This new pressure seen by the formation in the bottom of 
the hole caused by the drilling process is often referred to as 
Equivalent Circulating Density (ECD). 

Since this ECD effect can be neutralized by the system as 
described in patent application PCT/NO02/00317 the surface 
hole can be drilled deeper than with conventional drilling 
methods. This is an advantage since the next section can also 
be drilled deeper hence it is possible to the drill the well with 
fewer casings if the Surface casing can be set deeper. Hence 
considerable economic effects can be expected from drilling 
the surface hole deeper. 

SUMMARY OF THE INVENTION 

As was described in the parent application Ser. No. 10/549, 
059, incorporated herein by reference in its entirety for all 
purposes, the invention included a particular novel arrange 
ment, which can be used for drilling a subsurface hole without 
having to discharge Subsurface formations to the Surrounding 
seabed when drilling the hole prior to installing the surface 
conductor (structural) steel pipe and prior to installing the 
surface casing, at which point the riser and subsea BOP is 
installed in conventional drilling. By performing drilling 
operations with this novel arrangement as claimed, all forma 
tion and soil will be circulated and pumped up to the surface 
vessel or platform. The arrangement comprises the use of 
elements of prior known art but is arranged so that new 
drilling methods can be achieved. By arranging the various 
systems coupled to the drilling riser in this particular way, a 
totally new and never before used method can be performed. 
The new method presented there also allows for the riser to 

be run before setting any casings. The reason for this possi 
bility is that the hydrostatic pressure at the bottom of the riser 
can be regulated to the same or less than that of seawater from 
sea level, regardless of the fluid density inside the drilling 
riser. This is achieved by having an outlet on the riser below 
the Surface of the water that is connected to a pump system 
that will be able to regulate the liquid level inside the drilling 
riser to a depth below sea level. In this particular way will it be 
possible to pump drilling fluid (mud) through the drill string 
and up the annulus between the riser and the drill string 
together with formation cuttings without fracturing or loosing 
returns caused by the weak topsoil formations. 

In all present drilling operations to date in offshore drilling 
with a semi submersible rig or drillship, this top hole drilling 
is performed riserless. The debris and drill cuttings are until 
now handled in 2 different ways. 1) The returns are dis 
charged and flow freely into seawater as the drilling fluid and 
formation debris are pumped up the hole. The drilling fluid 
and formation will then be spread out on the seabed around 
the borehole. 2) After the well is spudded and the first struc 
tural/conductor casing is set, Some equipment is run on the 
drill String that will connect to a suction hose and a pump 
placed on seabed. The majority of the drill fluid and cuttings 
is then sucked from the top of the hole and pumped away from 
the drill site to a different location on seabed. This cutting 
transport system will not remove the cutting from the seabed 
but just re-locate them. 

Lately concepts has been presented that will pump the 
return from seabed up to the drilling platform thorough a 
separate hose with the help of a pumping system on seabed 
after the structural or conductor casing has been set. This is 
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indicated in patent NO312915. Here the pump is place on the 
seabed and no drilling riser is installed. 

In one aspect the present invention in a particular combi 
nation gives rise to new, practically feasible and safe methods 
of drilling the surface hole deeper with the riser installed from 
floating structures. In this aspect, benefits over the prior art 
are achieved. More precisely the invention gives instructions 
on how to drill and control the hydraulic pressure exerted on 
the formation by the drilling fluid at the bottom of the hole 
being drilled by varying the liquid level in the drilling riser. 
With this novel invention, both kick and handling of hydro 
carbon gas can be safely and effectively controlled. It is 
possible to add a surface BOP on top of the drilling riser (410) 

Since the pressure in the end of the riser can be defined by 
the density of the liquid and the vertical height of the liquid 
column, the Surface structural conductor can be run on the end 
of the riser and be drilled/undereamed or jetted in place with 
returns being circulated to the surface with the help of the 
Low Riser Return System (LRRS). No cuttings or formation 
is being deposited on the seabed or to the ocean. 
Once the structural conductor is jetted in place the riser is 

disconnected at LRMP (233), the telescope joint (221) 
removed and the riser lengthened. The riser is reconnected 
and the second Surface hole for the Surface casing can be 
drilled with drilling mud. All returns and mud will be circu 
lated to surface with the LRRS. Since the bottom hole pres 
sure can be designed to stay below the fracture pressure of the 
formation being drilled, the surface hole can be drilled deeper. 

After the structural casing is in place a surface BOP can be 
installed on top of the riser. The BOP will be used in case of 
shallow pockets of hydrocarbons are encountered and hydro 
carbons are circulated into the riser when drilling the hole for 
the Surface casing. 

There may be at least one choke line in the upper part of the 
drilling riser of equal or greater pressure rating than the drill 
ing riser. By incorporating the above features a well function 
ing system will be achieved that can safely perform drilling 
operations of the top 2 hole sections. By having a Surface 
blowout preventer on top of the drilling riser, all hydrocar 
bons can safely be bled off through the drilling rig's choke 
line manifold system. 

In one aspect the present invention overcomes many dis 
advantages of other attempts and meets the present needs by 
providing methods and arrangements whereby the fluid-level 
in the riser can be dropped below sea leveland adjusted so that 
the hydraulic pressure in the bottom of the hole can be con 
trolled by measuring and adjusting the liquid level in the riser 
in accordance with the dynamic drilling process require 
ments. Due to the dynamic nature of the drilling process the 
liquid level will not remain steady at a determined level but 
will constantly be varied and adjusted by the pumping control 
system. A pressure control system controls the speed of the 
Subsea mudlift pump and actively manipulates the level in the 
riser so that the pressure in the bottom of the well is controlled 
as required by the drilling process. With the methods 
described it is possible to regulate the pressure in the bottom 
of the well without changing the density of the drilling fluid. 
The ability to control pressures in the bottom of the hole 

and at the same time and with the same equipment being able 
to contain and safely control the hydrocarbon pressure on 
Surface makes the present invention and riser system com 
pletely new and unique. 
The method of varying the fluid height can also be used to 

increase the bottom-hole pressure instead of increasing the 
mud density. This means that the surface hole can be drilled at 
an angle? deviated while controlling the bottom hole pressure. 
This is not easily achieved with a conventional riser or 
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4 
achieved drilling riserless due to problems with hole stabili 
ties when drilling with un-weighted seawater in a deviated 
borehole hole. 

Normally as drilling takes place deeper in the formations 
the pore pressure will also vary. In conventional drilling 
operation the drilling mud density has to be adjusted. This is 
time-consuming and expensive since additives have to be 
added and is discharged out to the sea without being able to 
reclaim the mud and chemicals. With the LRRS system the 
mud will be reclaimed at surface hence a more purpose fit 
drilling mud can be used which will drilla more gauged hole 
and better samples and cores can be collected. 

In another aspect of the invention there is provided a 
method and system for retrieving soil, particles or fluids from 
the seabed or deep waters. The invention in this aspect utilizes 
the same principle as for controlling downhole pressure as 
described above, whereby a riser is lowered to the desired 
depth, the riser having an outlet to a pump system, which 
pump system is used to lower the level of the interface in the 
riser between the liquid in the riser and a gas above the liquid 
to a level somewhere between the outlet and the surface, and 
hence lower the pressure at the lower end of the riser as 
compared to sea water pressure at that depth. This methodol 
ogy permits liquid to be sucked into the lower end of the riser 
and further into the pump. From the pump the liquid may be 
pumped to the surface or elsewhere. 

Particles or soil near the lower end of the riser will also be 
Sucked into the riser along with the liquid. This makes this 
arrangement and method ideal for sea mining, e.g. for retriev 
ing manganese nodules from the seabed. It may also be used 
for retrieving samples of marine life or sea water from great 
depths, or recovery of debris or materials deposited on the 
seabed during other operations, whether intentional or other 
wise. Other and various Subsea research, mining, and recov 
ery operations are within the scope of the invention. 

In order facilitate removal of soils or particles from the 
seabed, a tubing can be lowered through the riser, or alterna 
tively together with the riser, or be otherwise configured with 
an outlet or nozzle positioned to discharge at or near the lower 
end of the riser. Through the tubing liquid or gas can be 
pumped at sufficient pressure to create a jet below the lower 
end of the riser. The jet may be used to loosen the soils or 
material deposits and Suspend particles from the Soils or 
material deposit in the water, so that they may more easily be 
sucked into the riser together with the water. 

Other and various aspects of the invention within the scope 
of the appended claims will be readily apparent from this 
teaching. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a schematic diagram of one embodiment of the 
invention for controlling pressure at the lower end of a riser at 
less than seawater pressure through control of fluid level in 
the riser, the figure incorporating a depth versus pressure 
graph as an overlay. 

FIG. 2 is a schematic diagram of the FIG. 1 embodiment of 
the invention, the riser having been functionally extended by 
the use of a structural conductor into a well bore. 

DETAILED DESCRIPTION OF THE INVENTION 

AS was described in the parent application, the riser tube 
201 has a lower outlet between the sea level and ocean floor 
with valves 204 that will divert the fluid in the riser tube into 
the submersible pump system which will pump the fluid and 
Solids back up to the Surface. 
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By being able to drop the air/liquid level in the riser to a 
level below sea level, it is also possible to create a pressure 
inside the riser which is below that of seawater, which can be 
seen from gradient 305 which is below that of 302 which is 
seawater pressure gradient from sea level 200. This implies 
that seawater will flow into the end of the riser tube up into the 
lower outlet of the riser tube into the subsea pump 202 which 
will pump the content through the return conduit 220 back to 
a surface vessel. 
When starting the drilling operation from a floating vessel 

the first structural conductor 236 can be run on the end of the 
riser tube 201. The conductor housing 234 is connected to the 
Surface structural conductor and the riser connected to the 
conductor housing 234 with a pin connector 233. The struc 
tural conductor is lowered into the seabed prior to running the 
drill string 211. When the drill string 211 is run inside the riser 
201 down to the seafloor 300, when pumping through the 
drillstring up the inside of the riser the pressure inside the riser 
at seabed is regulated to just below that of seawater at that 
depth (line 305) by lowering or adjusting the air/liquid level 
inside the riser tube 210. 
The formation soils being removed by the drill bit is 

pumped up to Surface by the pump system 202 to the Surface. 
As the hole deepens the riser and structural conductor is 
lowered by help of the riser tensioning system 501 until the 
structural conductor housing is at an appropriate height above 
seabed 234 in FIG. 2. In the process of removing soils from 
the borehole the pressure 305 in the hole due to this operation 
can be controlled by regulating the level of the liquid/air 
inside the riser to lie between that of the pressure due to 
seawater 302 and the soil fracture gradient 301. As can be 
seen by FIG. 1, bringing the returns from the well all the way 
back to the surface as in conventional drilling would not be 
possible. Since the hydrostatic pressure from the drilling fluid 
304 would fracture the week formation soils 301 and the level 
would not reach back to surface before the returns would be 
lost to the shallow subsurface soils. 
The application of this methodology extends to removal or 

retrieval of seabed soils and particles on the ocean floor as in 
seabed mining. Seawater (506) will flow into the riser tube 
and transport any Solids in Suspension back up to the Surface 
via the pump system. The system used for this may be of the 
same type as described above and shown in FIGS. 1 and 2. 
However, there will be no need for a BOP or a structural 
conductor. The end of the riser may be suspended from the 
platform or vessel at the surface and lowered to the desired 
depth. The outlet to the submersible pump system may be at 
any point below the surface. However, the lower the outlet is 
situated, the lower the level of the interface of the riser fluid 
with the air at the top of the riser may be set by pumping out 
water via the pump system. Hence the lower the pressure that 
may be achieved at the lower end of the riser, below seawater 
pressure at that depth. A lower pressure at the lower end of the 
riser will result in a greater Suction and greater ability to Suck 
up larger and/or heavier particles or denser soil. 

In order to prevent the pump from becoming damaged by 
the particles, a particle collection tank, or so-called gumbo 
box may be included in the line extending from the outlet 
from the riser to the pump. This tank may be configured to 
collect particles that are larger than the pump can handle. 
When the tank is full or when it is decided to stop the pump 
ing, the tank may be hoisted to the Surface and emptied. The 
advantage of collecting only the larger particles in Such a 
collection tank is that the smaller particles and the water are 
pumped to the Surface, and the tank only needs to accommo 
date the particles that cannot be pumped. 
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6 
The system may also be used for pumping fish or other 

marine life or living organisms from great depths. The fish 
may also be collected in a subsea collection tank for later or 
periodic retrieval or, if the fish is Small enough and the pump 
is of a type that will not damage the fish, be pumped all the 
way to the surface. Suitable sensors may be employed to 
detect the quantity and character of the contents of the col 
lection tank. 

Depending on the material that is being retrieved from the 
sea, a pump will be chosen, that may handle this material. For 
larger particles and live organisms above a certain size, e.g., a 
peristaltic pump or other positive displacement pump may be 
used. 
The invention is susceptible of other embodiments. For 

example, there is a method for removing soils, particles or 
fluids from the seabed or from great sea depths, comprising 
positioning a platform or a vessel above an offshore location; 
extending a riser from the vessel or platform so as to position 
the lower end of the riser at a selected subsea depth, which 
may be the seabed itselfora depth in a bore in the seabed. The 
riser may be vented to the atmosphere. The riser is configured 
with an outlet at a level below the water surface, which is 
connected to a pump system having a return line running to a 
selected location which may be but is not limited to a surface 
platform or vessel, a Subsea collection system, another loca 
tion on or beneath seabed. When the riser, pump system and 
selected location are in place and operational, the method 
proceeds with Sucking particles Suspended in fluid, typically 
sea water but there may be a localized subsea fluid pocket, 
with an inflow of the fluid into the riser to the level of the 
outlet, removing the particles and fluid from the riser through 
the outlet and the return line to the selected location while 
keeping the level of the fluid level in the riser at a level 
between the outlet and the sea surface corresponding with a 
selected suction pressure in the lower end of the riser that is 
substantially lower than the sea water pressure at the lower 
end of the riser, by use of the pump system and appropriate 
fluid level sensors in the riser. Particles in this context can be 
soil particles, debris, marine life or any material of a particu 
late size and density Susceptible of being loosened and Sus 
pended in and carried by a fluid flow through a conduit in this 
a. 

The method may include generating a fluid jet stream (503) 
to whirl up the particles at the lower end of the riser, where the 
whirled up particles are sucked by fluid flow into the lower 
end of the riser. The pump system may be a type capable of 
pumping particles Suspended in water Such that particles and 
fluid are readily pumped through the return line to the selected 
location. The selected location may be a processing station 
where particles of interest are recovered for further process 
ing. There may be a collection tank or gumbo box (504) 
placed between the outlet and the pump system, where the 
method includes collecting particles above a selected size in 
the collection box, including particles too big to be passed 
through the pump system. The collection box (504) may 
monitored with sensors (505) and/or be emptied from time to 
time or otherwise operated to remove or recover particles of 
interest. The pump system (201) may be positioned anywhere 
between the seabed and the water Surface, including being 
externally supported on the riser. The riser is vented to atmo 
sphere, so the pressure in the riser above the fluid level is at or 
below atmospheric pressure. The riser outlet is situated sub 
stantially below the water surface, providing a fluid level 
control range that assures the availability of a Substantially 
lower than sea water pressure at the lower end of the riser. 
The method may include creating a jet stream (503) at the 

lower end of the riser for loosening particles for suction into 
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the riser by pumping a fluid through a tubing configured with 
a nozzle (502) proximate the lower end of the riser. The tubing 
may but is not required to extend from the Surface through the 
riser to the lower end. The source of the jet stream (503) may 
be localized to the lower end of the riser, as by use of a jet 
pump and sea water. At least the lower end of the riser may be 
moved laterally and/or vertically as needed to continue the 
process. 

Other and various examples and embodiments within the 
Scope of the claims, and equivalents thereto, will be readily 
apparent from this teaching. 

The invention claimed is: 
1. A method for removing Submerged items from the sea 

bed or from great sea depths, the method comprising: 
positioning a platform or a vessel above an offshore loca 

tion; 
extending a riser from the vessel or platform so as to 

position the lower end of the riser at a selected subsea 
depth, said riser being vented to the atmosphere, said 
lower end being open to seawater Surrounding said 
lower end, said riser being configured with an outlet at a 
level below the water surface, said outlet connected to a 
pump system having a return line running to a selected 
location; 

Sucking said Submerged items Suspended in a fluid with an 
inflow of said fluid into the open lower end of said riser 
to the outlet, said fluid being mainly sea water drawn 
from a region external to but proximal to said open lower 
end of said riser, and 

removing said particles and fluid from the riser via the 
outlet and return line to the selected location while keep 
ing the level of the fluid in the riser at a level between the 
outlet and the sea surface corresponding with a selected 
pressure in the lower end of the riser substantially lower 
than the sea water pressure at the lower end of the riser 
by use of the pump system. 

2. The method of claim 1, wherein a jet stream is created 
proximal to the lower end of the riser, said jet stream tending 
to agitate Submerged items into Suspension in said fluid so as 
to be sucked into the lower end of the riser. 

3. The method of claim 1, wherein a collection tank is 
placed between the outlet and the pump system, said method 
further comprising collecting Submerged items above a 
selected size in the collection tank. 

4. The method of claim 1, wherein the pump system is of a 
type capable of pumping Submerged items suspended in 
water from the outlet through the pump system to the selected 
location. 

5. The method of claim 4, wherein the pump system com 
prises a peristaltic pump. 

6. The method of claim 1, wherein the pump system is 
situated between the seabed and the water surface. 

7. The method of claim 1, wherein the outlet from the riser 
is situated substantially below the water surface. 
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8. The method of claim 2, wherein said jet stream is created 

by pumping a jet stream fluid through a tube configured with 
a nozzle proximate the lower end of the riser. 

9. The method of claim 1, wherein the selected location to 
which the return line extends is said platform or vessel. 

10. The method of claim 1, wherein the selected location to 
which the return line extends is a separate tender Support 
vessel at the surface. 

11. The method of claim 8, wherein said tube is extended 
through the riser. 

12. The method of claim 1, wherein the pressure in the riser 
above said fluid level is at or below atmospheric pressure. 

13. The method of claim 3, said selected size of said sub 
merged items being a size that cannot be handled by the pump 
system. 

14. The method of claim3, further comprising monitoring 
the contents of said collection tank with at least one sensor, 
and servicing the collection tank as needed. 

15. The method of claim 1, further comprising reposition 
ing the lower end of the riser laterally or vertically as needed 
to continue the removing of Submerged items. 

16. The method of claim 1, said selected subsea depth 
being the seabed. 

17. A method for removing submerged items from the 
seabed or from great sea depths, the method comprising: 

Sucking said Submerged items suspended in a fluid at a 
selected subsea depth with an inflow of said fluid into the 
open lower end of a riser suspended from the surface to 
an outlet in the riser, said lower end being open to sea 
water Surrounding said lower end, said fluid being 
mainly sea water drawn from a region external to but 
proximal to said open lower end of said riser, and 

removing said particles and fluid from the riser via the 
outlet and through a return line to a selected location 
while keeping the level of the fluid in the riser between 
the outlet and the sea surface at a level corresponding 
with a selected pressure in the lower end of the riser 
substantially lower than the sea water pressure at the 
lower end of the riser by use of a pump system disposed 
between the outlet and the return line. 

18. The method of claim 17, said selected location being 
the Sea Surface, said return line extending from the pump 
system to the Sea Surface. 

19. The method of claim 17, further comprising: 
collecting larger Submerged items than may be passed 

through the pump system in a collection tank disposed 
between the outlet and the pump system. 

20. The method of claim 17, further comprising: 
creating a jet stream proximal to the lower end of the riser, 

said jet stream tending to agitate Submerged items into 
Suspension in said fluid for Suction into the riser, said jet 
stream being created by pumping a jet stream fluid 
through a tube configured with a nozzle proximate the 
lower end of the riser. 
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